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(54) METHOD AND APPARATUS FOR MEASURING CONCENTRATION OF LIGHT ABSORBING 
MATERIAL IN LIVING TISSUE AND THICKNESS OF INTERCALARY TISSUE 



(57) The present invention is directed to a measur- 
ing method that permits measurement of the concentra- 
tion of light absorbing material and the thickness of 
intercalated tissue without being affected by the thick- 
ness of intercalated tissue between the surface of an 
organism and the tissue to be measured. A sensor or a 
plurality of sensors (11-14) having different distances 
between the sender and receiver of light is used to 
measure the thickness of intercalated tissue between 
the surface of the organism and the organic tissue in 
which the light absorbing material as a test target prima- 
rily exists. Changes in measurement sensitivity with 
respect to the thickness of intercalated tissue at respec- 
tive distances between the sender and receiver of light 
are examined, and based on the changes in measure- 
ment sensitivity, a relation between the thickness of 
intercalated tissue and a coefficient of correction for the 
measurement sensitivity is determined. The coefficient 
of correction is calculated, based on the above relation, 
from a known distance of the sender and receiver of 
light of the sensor and the thickness of intercalated tis- 
sue at a site of measurement. The measured value can 
be corrected using the obtained coefficient of correc- 
tion, so as not to be influenced by the intercalated tis- 
sue. 
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Description 

Technical Field 

[0001] The present invention relates to a method of s 
measuring the concentration of a light absorbing mate- 
rial such as hemoglobin within organic tissue uninva- 
sively using near infrared rays, a method of measuring 
the thickness of tissue intervening between the surface 
of an organism and the organic tissue in which the light 
absorbing material as a test target primarily exists, and 
a measuring device thereof. 

Background Art 

[0002] A device for measuring oxygen in tissue using 
near infrared rays, for example, irradiates the surface of 
an organism with the near infrared rays, receives light 
reflected from the organic tissue, and measures oxygen 
in tissue based on the amount of light received. National 
Publication of Translation No. 4-502563, for example, 
describes a hemoglobin measuring instrument worn by 
the test subject which uses near infrared rays to meas- 
ure the metabolic state of tissue of the test subject dur- 
ing exercise. This type of device is extremely useful for 
examining changes in metabolism of the brain or mus- 
cular tissue over time, and it is anticipated to be widely 
used in such fields as patient monitoring, emergency 
medicine, rehabilitation medicine, and sports medicine. 
[0003] When measuring a light absorbing material, 
such as oxygenated hemoglobin, within muscular tis- 
sue, for example, from the surface of an organism using 
near infrared rays, subcutaneous adipose tissue as 
intercalated tissue exhibits light absorbency which is 
one digit smaller than that of muscular tissue because 
of almost no blood existing therein. Thus, the adipose 
tissue transmits a great amount of near infrared rays. A 
conventional device, however, measures oxygen in the 
muscular tissue and in the subcutaneous adipose tissue 
as a total, and does not distinguish between the amount 
of oxygen in the muscular tissue and that in the subcu- 
taneous adipose tissue. This type of measurement that 
does not take into account effects of intercalated tissue 
like the adipose tissue will cause problems as the use of 
measurement of oxygen in tissue using near infrared 
rays spreads. 

[0004] In other words, when measuring muscular tis- 
sue, for example, the adipose tissue between the sur- 
face of the organism and the muscular tissue hinders 
oxygen measurement of the muscular tissue only, as 
the measurement includes the adipose tissue and is 
affected by the thickness thereof. Therefore, measure- 
ment sensitivity will vary considerably. The same is true 
for the measurement of brain tissue. Cranial bones exist 
between the surface of the head and brain tissue, and 
cerebrospinal fluid exists between the cranial bones and 
the brain tissue. Measurement involving the intercalated 
tissue will create variation in measurement sensitivity. 



Therefore, it is impossible to compare measurements of 
tested individuals, and those values are only used as 
relative values for measurement of the speed and pat- 
tern of change, and not evaluated as absolute values 
and therefore these values cannot be used for diagno- 
sis. 

[0005] Differing from the continuous light method 
described above, a method of measuring an absolute 
value indicating degree of saturation of oxygen by 
employing time-resolution has also been developed. 
However, this method also includes measurement from 
the surface of the organism, and the existence of inter- 
calated tissue such as adipose tissue affects measured 
values considerably. This is a serious problem common 
to the continuous light as well as the time-resolution 
methods. 

[0006] The present invention solves the problem in the 
prior art described above. An object of this invention is 
to provide method and device for measuring concentra- 
tion of a light absorbing material within organic tissue, 
which allow measurement of concentration of the light 
absorbing material without being affected by the thick- 
ness of the intervening tissue between the surface of an 
organism and the tissue to be measured. 
[0007] Another object of the present invention is to 
provide method and device for measuring the thickness 
of intercalated tissue of an organism, which allow meas- 
urement of the thickness of tissue intervening between 
the surface of the organism and the organic tissue in 
which the light absorbing material as a test target prima- 
rily exists. 

Disclosure of the Invention 

[0008] To achieve the above-described objects, the 
measuring method according to an aspect of the 
present invention is characterized in that it measures 
changes in light absorbency at the surface of a material 
using a plurality of sensors having different distances 
between the sender and receiver of light, and calculates 
the thickness of a layer of light absorbing material based 
on the rate of the change in light absorbency obtained. 
[0009] According to another aspect of the present 
invention, the measuring method is characterized in that 
it measures changes in light absorbency within organic 
tissue using a single or a plurality of sensors having dif- 
ferent distances between the sender and receiver of 
light, and calculates the thickness of a layer of light 
absorbing material based on the rate of the change in 
light absorbency obtained. 

[0010] According to a further aspect of the present 
invention, the measuring method is characterized in that 
it measures changes in light absorbency at the surface 
of an organism using a single or a plurality of sensors 
having different distances between the sender and 
receiver of light, and calculates the thickness of a layer 
of adipose tissue within the organism based on the rate 
of the change in light absorbency obtained. 
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[001 1 ] According to a still further aspect of the present 
invention, the measuring method is characterized in that 
it measures, using a single or a plurality of sensors hav- 
ing different distances between the sender and receiver 
of light, a linear change in the quantity of light received 
when the quantity of light emitted to an organism is 
altered linearly, determines a coefficient of proportional- 
ity in the obtained linear change from known distances 
of the sender and receiver of light of the one or more 
sensors, and calculates the thickness of a layer of light 
absorbing material based on the determined coefficient 
of proportionality. 

[0012] According to another aspect of the present 
invention, the device for measuring the thickness of a 
layer of light absorbing material is characterized in that 
it includes a single or a plurality of sensors having differ- 
ent distances between the sender and receiver of light; 
light absorbency change measuring means for measur- 
ing, using the one or more sensors, the change in light 
absorbency with respect to the thickness of the layer of 
light absorbing material; and light absorbing material 
thickness calculating means for calculating the thick- 
ness of the layer of light absorbing material based on 
the rate of the change in light absorbency obtained. 
[0013] According to a further aspect of the present 
invention, the device for measuring the thickness of adi- 
pose tissue of an organism includes a single or a plural- 
ity of sensors having different distances between the 
sender and receiver of light; light absorbency change 
measuring means for measuring, using the one or more 
sensors, the change in light absorbency at the surface 
of the organism; and adipose tissue thickness calculat- 
ing means for calculating the thickness of adipose tis- 
sue based on the rate of the obtained change in light 
absorbency. 

[001 4] According to a still further aspect of the present 
invention, the device for measuring the thickness of 
intercalated tissue of an organism is characterized in 
that it includes a single or a plurality of sensors having 
different distances between the sender and receiver of 
light; quantity of received light measuring means for 
measuring, using the one or more sensors, a linear 
change in the quantity of light received when the quan- 
tity of light emitted to the organism is altered linearly; 
and intercalated tissue thickness calculating means for 
determining a coefficient of proportionality in the 
obtained linear change from known distances of the 
sender and receiver of light of the one or more sensors, 
and calculating, based on the determined coefficient of 
proportionality, the thickness of intercalated tissue 
between the surface of the organism and organic tissue 
in which the light absorbing material as a test target pri- 
marily exists. 

[001 5] Preferably, the sensor is characterized in that it 
includes a light emitting element for emitting light with a 
plurality of different wavelengths. 
[001 6] More preferably, the measuring device includes 
a probe provided with a plurality of mounting portions 



each for detachabiy holding a light-emitting element or a 
light-receiving element of the sensor, thereby differing 
the distance between the sender and receiver of light. 
[0017] According to another aspect of the present 

5 invention, the method of measuring the concentration of 
a light absorbing material within organic tissue is char- 
acterized in that it measures, using a single or a plurality 
of sensors having different distances between the 
sender and receiver of light, the thickness of interca- 

10 lated tissue between the surface of an organism and the 
organic tissue in which the light absorbing material as a 
test target primarily exists; examines changes in meas- 
urement sensitivity with respect to the thickness of inter- 
calated tissue at respective distances between the 

is sender and receiver of light; determines, based on the 
examined change in measurement sensitivity, a relation 
between the thickness of intercalated tissue and a coef- 
ficient of correction for measurement sensitivity; calcu- 
lates, from the determined relation, the coefficient of 

20 correction according to known distances of the sender 
and receiver of light of the one or more sensors and the 
thickness of intercalated tissue at a site to be measured; 
and corrects a measured value based on the calculated 
coefficient of correction so as not to be influenced by the 

25 intercalated tissue. 

[001 8] More preferably, the measurement of the thick- 
ness of intercalated tissue is characterized in that the 
quantity of light to be received with respect to the thick- 
ness of intercalated tissue is examined in advance and 

30 the corresponding quantity of light to be emitted at that 
time is also set, and the thickness of intercalated tissue 
is calculated based on the quantity of light received 
when the set quantity of light is emitted onto the organ- 
ism in actual measurement. 

35 [0019] According to a further aspect of the present 
invention, the device for measuring the concentration of 
light absorbing material includes a single or a plurality of 
sensors having different distances between the sender 
and receiver of light; intercalated tissue thickness meas- 

40 uring means for measuring, using the one or more sen- 
sors, the thickness of intercalated tissue between the 
surface of an organism and the organic tissue in which 
the light absorbing material as a test target primarily 
exists; measurement sensitivity examining means for 

45 examining changes in measurement sensitivity with 
respect to the thickness of intercalated tissue at respec- 
tive distances between the sender and receiver of light; 
coefficient of correction calculating means for determin- 
ing, based on the change in measurement sensitivity, a 

so relation between the thickness of intercalated tissue 
and the coefficient of correction for measurement sensi- 
tivity; and measured value correcting means for calcu- 
lating, according to the above relation, the coefficient of 
correction from known distances of the sender and 

55 receiver of light of the one or more sensors and the 
thickness of intercalated tissue at a site of measure- 
ment, to correct the measured value based on the 
obtained coefficient of correction so as not to be influ- 
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enced by the intercalated tissue. 
[0020] More preferably, the intercalated tissue thick- 
ness measuring means is characterized in that it exam- 
ines the quantity of light to be received with respect to 
the thickness of intercalated tissue in advance and also 
sets the corresponding quantity of light to be emitted at 
that time, and calculates the thickness of intercalated 
tissue based on the quantity of light actually received 
when the set quantity of light is emitted onto the organ- 
ism upon measurement. 

[0021 ] Preferably, the sensor is characterized in that it 
includes a light emitting element for emitting near infra- 
red rays of a plurality of different wavelengths. 
[0022] More preferably, the sensor is characterized in 
that the distance between the sender and receiver of 
light is set at 20mm, 30mm, or 40mm. 

Brief Description of the Drawings 

[0023] 

Fig. 1 is a block diagram showing a conf iguration of 
the measuring device according to a first embodi- 
ment of the present invention. 
Figs. 2A to 2C are graphs showing changes in oxy- 
gen (oxygenated hemoglobin) when an exercise on 
a bicycle ergometer with and without load is 
repeated alternately. 

Fig. 3 is a graph showing changes in oxygen (oxy- 
genated hemoglobin) with respect to the thickness 
of adipose tissue at respective distances (20, 30, 
40mm) between the sender and receiver of light. 
Fig. 4 is a graph showing changes in light absorb- 
ency with respect to the thickness of adipose tissue 
at respective distances (20, 30, 40mm) between 
the sender and receiver of light. 
Fig. 5 is a graph showing a relation between the 
thickness of adipose tissue and a coefficient of cor- 
rection at respective distances (20, 30, 40mm) 
between the sender and receiver of light. 
Fig. 6 is a graph showing changes in a current value 
in received light with respect to the thickness of adi- 
pose tissue at respective distances (20, 30, 40mm) 
between the sender and receiver of light. 
Fig. 7 is a graph showing changes in intensity of 
received light with respect to the thickness of adi- 
pose tissue at respective distances (20, 30, 40mm) 
between the sender and receiver of light. 
Fig. 8 is a graph showing a relation between the 
thickness of adipose tissue and the change in light 
absorbency, which illustrates a principle as for the 
measuring method according to a second embodi- 
ment of the present invention. 
Figs. 9A and 9B are graphs showing relations 
between the quantity of emitted light and the quan- 
tity of received light, which illustrate the principle as 
for the measuring method according to the second 
embodiment of the present invention. 



Fig. 10 is a graph showing a relation between the 
thickness of adipose tissue and logarithms of gradi- 
ents with respective distances between the sender 
and receiver of light, which illustrates a variation of 

5 the measuring method according to the second 
embodiment of the present invention. 
Figs. 1 1 A to 1 1C show appearance of a configura- 
tion of a probe according to a third embodiment of 
the present invention. 

10 Figs. 12A to 12C are views of a probe having a dis- 
tance of 10mm between a light-emitting member 
1 1 0 and a light-receiving member 1 1 2. 
Figs. 13A to 13C are views of a probe having a dis- 
tance of 20mm between light-emitting member 1 10 

15 and light-receiving member 1 1 2. 

Figs. 14A to 14C are views of a probe having a dis- 
tance of 30mm between light-emitting member 110 
and light-receiving member 112. 
Figs. 15A to 15C are views of a probe having a dis- 

20 tance of 40mm between light-emitting member 1 1 0 
and light-receiving member 1 12. 
Fig. 16 is a block diagram showing a configuration 
of the measuring device according to a fourth 
embodiment of the present invention. 

25 

Best Mode for Implementing the Present Invention 

[0024] The present invention will now be described in 
more detail with reference to the attached drawings. 

30 

[First Embodiment] 

[0025] Fig. 1 is a block diagram showing a configura- 
tion of the measuring device according to the first 
35 embodiment of the present invention. 

[0026] The measuring device is composed of a probe 
10 mounted on the surface of an organism (tissue) 1, 
and a body 20 connected to probe 10 via a cable, for 
example. 

40 [0027] Probe 10 includes a light-emitting element 1 1 
as a light source for irradiating light onto organism 1, 
three photo diodes (PDs) 12, 13, 14 as light-receiving 
elements for receiving light reflected from organism 1 , 
and first stage amplifiers 15, 16, 17 for amplifying 

45 received-light signals of PDs 12, 13, 14 to low imped- 
ance signals, respectively, to improve their signal to 
noise ratios. 

[0028] Light-emitting element 1 1 in this embodiment 
consists of a light-emitting diode emitting near infrared 

so rays with two wavelengths (LED, wavelengths: 760nm, 
840nm), and PDs 12, 13, 14 are disposed at respective 
distances of 20mm, 30mm, and 40mm from LED 11. 
Accordingly, light reflected from body 1 can be received 
at three different locations at the same time. In this 

55 embodiment, LED 11 and PDs 12-14 constitute a sen- 
sor. 

[0029] Body 20 includes an LED driver 21 for driving 
LED 11, a multiplexer 22 for switching signals from 
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respective PDs 12, 13, 14, an amplifier 23 for amplifying 
the switched signal, and a CPU 24. Though not shown 
in Fig. 1, body 20 further includes an LCD, a memory 
card interface, a power supply, and so on. Amplifier 23 
amplifies the signal amplified at the first stage by a fac- 5 
tor of 20 to 2000 with gains in seven stages. 
[0030] CPU 24 controls timing for light emission such 
that LED 11 lights up alternately at different wave- 
lengths, and also adjusts the quantity of light by means 
of a D/A oonverter. CPU 24 has the following functions: 10 
an intercalated tissue thickness measuring function 
which uses a sensor to measure the thickness of inter- 
calated tissue between the surface of the organism and 
organic tissue in which the light absorbing material to be 
tested primarily exists; a measurement sensitivity calcu- 75 
lating function for examining changes in the measure- 
ment sensitivity with respect to the thickness of 
intercalated tissue at respective distances between the 
sender and receiver of light; a coefficient of correction 
calculating function for determining, based on the 20 
change in measurement sensitivity, a relation between 
the thickness of intercalated tissue and a coefficient of 
correction for measurement sensitivity; and a measured 
value correcting function for calculating, based on the 
relation obtained above, the coefficient of correction 25 
from known distances between the sender and receiver 
of light of the sensor and the thickness of intercalated 
tissue at the site of measurement, and correcting the 
measured value based on the obtained coefficient of 
correction so as not to be affected by the intercalated 30 
tissue. The LCD displays necessary information to con- 
firm measurement states and conditions. 
[0031 ] The measuring device formed of probe 1 0 and 
body 20 may be used independently (which is called an 
"off-line use"), or, as shown in Fig. 1 , it can be used by 35 
connecting body 20 to a computer (personal computer) 
30 via a serial input/output line such as RS-232C, and 
by further connecting CRT 31 to personal computer 30 
(which is called an "on-line use"). 
[0032] In the on-line use, measured data of body 20 40 
are taken into personal computer 30 via RS-232C, and 
are displayed in real time as changes in the concentra- 
tion of light absorbing material (oxygenated hemoglobin 
or the like), changes in the quantity of Wood, the thick- 
ness of intercalated tissue, and so on. In the off-line 45 
use, the data are stored in an inserted memory card. 
[0033] A method of correcting a measured value using 
the measuring device configured as above will now be 
described. 

[0034] First, the test subject performs an exercise on so 
a bicycle ergometer with a load of 120W and without 
load (idle pedaling) switched at every 30 seconds. The 
measuring device as shown in Fig. 1 is used to measure 
changes in the quantity of oxygen contained in the fem- 
oral region vastus lateralis muscle of the test subject ss 
during exercise. The results of measurement are shown 
in Figs. 2A to 2C. 

[0035] Here, the concentration of oxygenated nemo- 
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globin (HbOa) within the organic tissue is measured. Fig 
2A shows the result of measurement with a distance of 
20 mm between the sender and receiver of light, Fig. 2B 
is with a distance of 30mm, and Fig. 2C is with a dis- 
tance of 40mm. As seen in Figs. 2A to 2C, the measure- 
ment sensitivity of changes in oxygen increases as the 
distance between the sender and receiver of light 
increases. This occurs because the average length of 
the paths of light becomes longer as the distance 
between the sender and receiver of light increases, 
thereby permitting measurement of deeper tissue from 
the surface. 

[0036] Measurement was performed on 13 test sub- 
jects, and according to the measured values, average 
values of variation in the concentration of oxygen with 
respective distances between the sender and receiver 
of light were plotted on Fig. 3 (a relation between the 
thickness of adipose tissue and the concentration of 
oxygen). Results of theoretical calculation by the Monte 
Carlo simulation method are shown in Fig. 4 (a relation 
between the thickness of adipose tissue and the change 
in light absorbency). The results of each correspond 
well, thereby showing that measurement sensitivity var- 
ies according to the thickness of adipose tissue, i.e., 
measurement sensitivity considerably decreases as the 
adipose tissue becomes thicker, regardless of the dis- 
tance between the sender and receiver of light. 
[0037] Procedures for correcting measurement sensi- 
tivity are as follows. As shown in Fig. 4, for example, 
theoretical curves representing changes in light absorb- 
ency (measurement sensitivity) with respect to the 
thickness of adipose tissue at respective distances 
between the sender and receiver of light are used to 
obtain an approximation polynomial expressed therein. 
From this approximation polynomial, a rate of change in 
oxygen, when the thickness of adipose tissue is 0, with 
a respective distance between the sender and receiver 
of light is calculated, and the inverse of the obtained rate 
is set as a coefficient of correction. 
[0038] Fig. 5 is a graph showing the coefficient of cor- 
rection compared to the thickness of adipose tissue with 
a respective distance between the sender and receiver 
of light, in a practical range of the thickness of adipose 
tissue (in the order of 0-12 mm). 
[0039] In this relation between the thickness of adi- 
pose tissue and the coefficient of correction, if the dis- 
tance between the sender and receiver of light and the 
thickness of adipose tissue at the site of measurement 
are known, the coefficient of correction at that time can 
be obtained. Further, by multiplying a measured value 
by the coefficient of correction, the measured value can 
be corrected to a measurement sensitivity (i.e. a meas- 
ured value) where the thickness of adipose tissue being 
0. For example, if the distance between the sender and 
receiver of light is 20mm and the thickness of adipose 
tissue is 8mm, the coefficient of correction is approxi- 
mately 4.2 as shown in Fig. 5. By multiplying the meas- 
ured value by 4.2, a measured value uninfluenced by 
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the thickness of adipose tissue can thus be obtained. 
[0040] Conversely, referring to Fig. 3 which shows the 
relation between the thickness of adipose tissue and 
measurement sensitivity, if the thickness of adipose tis- 
sue and the distance between the sender and receiver 
of light are known, measurement sensitivity at that time 
can be corrected. 

[0041] in the above embodiment, a known thickness 
of adipose tissue has been used to obtain a coefficient 
of correction. However, if the thickness of adipose tissue 
is to be measured using the measuring device, the fol- 
lowing procedures, for example, can be used. 
[0042] Fig. 6 is a graph showing a relation between 
the thickness of adipose tissue and the distance 
between the sender and receiver of light, when an initial 
value of light measured with probe 1 1 attached to the 
area to be measured is expressed as an electric current 
value of light received at the respective light-receiving 
elements 12, 13, and 14. 

[0043] The result of theoretical calculation regarding 
the same relation (relation between the thickness of adi- 
pose tissue and the intensity of received light at a 
respective distance between the sender and receiver of 
light) according to the Monte Carlo simulation method is 
shown in Fig. 7. The figures show that nearly the same 
results were obtained in each. 
[0044] Accordingly, the quantity of light to be received 
with respect to the thickness of adipose tissue in all 
cases is calculated in advance and the corresponding 
quantity of light to be emitted is also set. In actual meas- 
urement, the quantity of light emitted is calibrated to the 
set quantity by means of a phantom or the like. From the 
quantity of light received when that quantity of light is 
emitted onto the organism, the thickness of adipose tis- 
sue at the measured site can be obtained using the fol- 
lowing calculation taken from the theoretical calculation 
in Fig. 7. The thickness of adipose tissue H is expressed 
as follows: 

H={log(l/2200)+1 .241J/0.1 13 

(I: 0 to 3600 on A/D input with an emitted light wave- 
length of 840nm with a distance of 40mm between the 
sender and receiver of light) 

[0045] Though the thickness of adipose tissue has 
been measured by the measuring device by way of 
example in this embodiment, it may be measured by 
other measuring methods such as ultrasound technol- 
ogy. The thickness of adipose tissue has been meas- 
ured in this embodiment; however, other kinds of 
intercalated tissue (skull, skin, cerebrospinal fluid and 
so on) can be measured likewise, allowing measure- 
ment of the concentration of light absorbing material 
without being influenced by their thicknesses. 
[0046] Further, in this embodiment, one LED and 
three PDs have been used as a sensor. Though three 
LEDs and one PD can be used conversely, or one LED 
and one PD can be used, a plurality of sensors having 



different distances between the sender and receiver of 
light can broaden a region for measurement. 
[0047] Instead of measuring the thickness of adipose 
tissue of an organism as in this embodiment, the thick- 

s ness of material other than an organism like meat, for 
example, can be measured likewise. 
[0048] As described above, the method and apparatus 
for measuring the concentration of light absorbing mate- 
rial within organic tissue according to this embodiment 

10 enable measurement of the concentration of light 
absorbing material and eliminates the influence of the 
thickness of intercalated tissue (skin, skull, subcutane- 
ous adipose tissue, cerebrospinal fluid and so on) 
between the surface of the organism and the organic 

is tissue of the test subject, thereby bringing about the fol- 
lowing effects: 

(1) Difference in measurement among individuals 
can be eliminated, allowing quantitative compari- 

20 son of measured values among individuals. 

(2) The measured value can be made an absolute 
value indicator. 

(3) Information about the thickness of intercalated 
tissue can be displayed at the time of measure- 

25 merit. 

(4) With the effects (1) through (3), the measured 
value has physiological significance, and is quite 
useful for clinical diagnosis. 

30 [Second Embodiment] 

[0049] The hardware configuration of the measuring 
device according to the second embodiment of the 
present invention is identical to that of the first embodi- 
35 ment, and therefore, description thereof is not repeated. 
[0050] Now, a principle as for measuring the thickness 
of intercalated tissue (adipose tissue) within an organ- 
ism by the measuring device according to this embodi- 
ment will be described. 

40 

(First Measuring Method) 

[0051] Initially, the first measuring method will be 
described. Fig. 8 is a graph showing the relation 

45 between the thickness of adipose tissue obtained by 
PDs 12, 13, 14 arranged at different distances from LED 
1 1 and the changes in light absorbency measured at the 
surface of organism when the light absorbency of mus- 
cular tissue changes. 

so [0052] As seen from this graph, the measurement 
sensitivity varies dependent on the thickness of adipose 
tissue, the degree of decrease in measurement sensi- 
tivity differs depending on the distance between the 
sender and receiver of light, and the rate of change in 

55 light absorbency varies dependent on the distances. 
Here, the rates of changes in light absorbency at 
respective distances when the thickness of adipose tis- 
sue is about 4mm, 7mm, and 10mm are shown in the 
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bar graphs in Fig. 8. According to the rates of changes 
in light absorbency, the change in light absorbency with 
a distance of 20mm between the sender and receiver of 
light is relatively large when the adipose tissue is thin, 
while the changes in light absorbency with distances of 
30mm, 40mm between the sender and receiver of light 
are relatively large when the adipose tissue is thick. 
[0053] Accordingly, in the actual range of measure- 
ment (with the thickness of adipose tissue on the order 
of 4-12 mm), the thickness of adipose tissue can be cal- 
culated by obtaining the rate of change in light absorb- 
ency with respective distances between the sender and 
receiver of light. 

[0054] It is possible to calculate the thickness of adi- 
pose tissue by using the fluctuation itself as it occurs 
during the measurement of the thickness of adipose tis- 
sue. However, if there is little fluctuation in measure- 
ment, or when the thickness of adipose tissue is to be 
calculated before measurement by this method, it is 
necessary to alter the oxygen concentration. To achieve 
this, the following procedures, for example, may be 
taken: 

• Press the probe hard to the area to be tested of the 
organism. 

• Suppress blood flow to the measurement area by 
means of a cuff. 

Heat the area to be measured. 

Place the site to be measured higher or lower with 

respect to the height of the heart. 

(Second Measuring Method) 

[0055] The second measuring method will now be 
described. When the quantity of light emitted from LED 
1 1 is altered linearly, the quantity of light received with 
respect to the thickness of adipose tissue changes line- 
arly as shown in Fig. 9A. The graph shows that the 
change in the quantity of light received is larger when 
the adipose tissue is thicker. Likewise, the quantity of 
light received with respect to the distance between the 
sender and receiver of light when the quantity of light 
emitted from LED 1 1 is altered linearly also changes lin- 
early as shown in Fig. 9B. According to the graph, the 
change in the quantity of light received is smaller when 
the distance between the sender and receiver of light is 
larger. In other words, a coefficient of proportionality 
according to the linear change is large when the adi- 
pose tissue is thick, while the coefficient of proportional- 
ity according to the linear change is small when the 
distance between the sender and receiver of light is far. 
[0056] Accordingly, it becomes possible to obtain the 
coefficient of proportionality for the linear change from 
the known distance between the sender and receiver of 
light (here, 20mm, 30mm, 40mm), and to calculate the 
thickness of adipose tissue based on the obtained coef- 
ficient of proportionality. 

[0057] As a variation to this measuring method, it is 



also possible to calculate the thickness of adipose tis- 
sue by obtaining the coefficients at respective, different 
distances between the sender and receiver of light, and 
calculating the rates of those coefficients. 

5 [0058] Here, the distances from the sender to receiver 
of light are assumed to be, for example, 20mm, 30mm, 
40mm. When plotting logarithms of gradients at respec- 
tive distances as shown in Fig. 10, the rate of coeffi- 
cients at distances 20mm and 40mm for the thickness a 

10 and b of adipose tissue becomes a1/a2, b1/b2, respec- 
tively. This means that the rate of coefficients differs 
depending on the thickness of adipose tissue. There- 
fore, obtaining a rate of coefficients with different dis- 
tances between the sender and receiver of light enables 

is calculation of the thickness of adipose tissue. 

[0059] The second measuring method is advanta- 
geous in that there is no need to first calibrate the quan- 
tity of light emitted from LED 1 1 . Furthermore, since the 
thickness of adipose tissue is calculated from a plurality 

20 of data, stable and precise calculation of the thickness 
of adipose tissue is ensured. Saturation of the quantity 
of light is not likely, the range of calculable thickness of 
adipose tissue is broadened, and optimum distance 
between the sender and receiver of light as well as opti- 

25 mum quantity of light for measurement can advanta- 
geously be selected. 

[0060] In the above embodiment, the procedure for 
measuring the thickness of adipose tissue as interca- 
lated tissue has been described. However, this also 

30 applies to the case of measurement of brain tissue, in 
which skull, cerebrospinal fluid, and others are to be 
measured as intercalated tissue between the surface of 
the head and the brain tissue. 
[0061] In addition, though one LED and three PDs 

35 have been used as a sensor in this embodiment, three 
LEDs and one PD can be used instead, or, one LED and 
one PD can be used. However, using a plurality of sen- 
sors with different distances from the sender to receiv- 
ers of light can broaden a measurable region. 

40 [0062] Furthermore, the present embodiment has 
been used for measurement of an organism. However, 
this can also be used for measurement of meat or the 
like, instead of the organisms. 
[0063] As described above, the method and apparatus 

45 for measuring the thickness of intercalated tissue within 
an organism according to the present embodiment 
allow measurement of the thickness of intercalated tis- 
sue (skin, skull, subcutaneous adipose tissue, cerebro- 
spinal fluid, and so on) between the organic tissue 

so which is expected to be actually measured and the sur- 
face of the organism. Accordingly, not only the thickness 
of intercalated tissue can be measured, but also using 
this, precise measurement of oxygen in the organic tis- 
sue as a test target is guaranteed without being affected 

55 by the thickness of intercalated tissue. 
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[Third Embodiment] 

[0064] Figs. 1 1 A to 1 1 C show a probe used with the 
measuring device according to the third embodiment of 
the present invention. Specifically, Fig. 11A shows its 
side view, Fig. 11B shows its plan view, and Fig. 11C 
shows its front view. 

[0065] Referring to the drawings, the prove is com- 
posed of a connector 101 for connection with the body, 
a probe body 100 formed of silicon rubber for detacha- 
bly attaching a light-receiving member, a cable 102 for 
connecting the connector with the probe body, a light- 
emitting member 110 secured at probe body 100, and 
light-receiving member attaching portions 1 1 1a-1 1 1d 
for detachably attaching the light-receiving member at 
distances from 10mm to 40mm from the light-emitting 
member, each spaced apart by 10mm from one 
another. 

[0066] In this embodiment, light-emitting member 1 1 0 
has two identical LEDs attached to increase the quantity 
of light. However, only one LED can be attached to the 
probe body if it can emit a sufficient amount of light. 
[0067] In this embodiment, the light-receiving member 
can detachably be placed at distances from 10mm to 
40mm from the light-emitting member, with spaces of 
10mm each therebetween. Accordingly, without having 
to use a plurality of light-receiving members, measure- 
ment can be conducted two to four times by disposing 
the light-receiving member at different positions, and by 
combining the results. The effects similar to those in the 
first and second embodiments can thus be obtained. 
[0068] Figs. 1 2A through 1 5C are graphs each show- 
ing the case in which the distance between the light- 
emitting member and the light-receiving member is 
10mm, 20mm, 30mm, and 40mm, respectively. 

[Fourth Embodiment] 

[0069] Fig. 1 6 is a block diagram showing a configura- 
tion of the measuring device according to the fourth 
embodiment of the present invention. 
[0070] Referring to the drawing, the measuring device 
is generally composed of a body 220 of the measuring 
device and a probe 200. 

[0071] The probe includes light-emitting diodes 
(LEDs) 21 1 -213, a photo diode (light-receiving element) 
210, and a first stage amplifier 214 for amplifying a sig- 
nal from the photo diode to a low impedance signal. In 
measurement, probe 200 is attached to organic tissue 
1. 

[0072] Body 220 includes am amplifier 221 further 
amplifying the signal from amplifier 214, LED drivers 
222-224 for driving the light-emitting diodes, and a CPU 
225. 

[0073] Body 220 is connected to a personal computer 
30 or a CRT31 . 

[0074] In the present embodiment, one photo diode 
210 and three light-emitting diodes 21 1-213 are used as 



a sensor. Accordingly, the distance between the photo 
diode and the light-emitting diode can be altered as in 
the first and second embodiments, for measuring the 
concentration of light absorbing material within the 
5 organic tissue or the thickness of intercalated tissue. 

Applicability to the Industrial Field 

[0075] As described above, the present invention per- 
10 mits accurate measurement of the concentration of light 
absorbing material within organic tissue as well as the 
thickness of intercalated tissue of an organism. Accord- 
ingly, the present invention is advantageously applica- 
ble to the fields of medical equipment and so on. 

15 

Claims 

1. A method of measuring the thickness of light 
absorbing material, comprising the steps of meas- 

20 uring changes in light absorbency at the surface of 
a material by a plurality of sensors having different 
distances between sender and receiver of light 
thereof, and calculating the thickness of light 
absorbing material based on the rate of the change 

25 obtained in light absorbency. 

2. A method of measuring the thickness of light 
absorbing material within an organism, comprising 
the steps of measuring changes in light absorbency 

30 within organic tissue by one or a plurality of sensors 
having different distances between sender and 
receiver of light thereof, and calculating the thick- 
ness of light absorbing material based on the rate of 
the change obtained in light absorbency. 

35 

3. A method of measuring the thickness of adipose tis- 
sue within an organism, comprising the steps of 
measuring changes in light absorbency at the sur- 
face of the organism by one or a plurality of sensors 

40 having different distances between sender and 
receiver of light thereof, and calculating the thick- 
ness of adipose tissue within the organism based 
on the rate of the change obtained in light absorb- 
ency. 

45 

4. A method of measuring the thickness of light 
absorbing material of an organism, comprising the 
steps of measuring, by one or a plurality of sensors 
having different distances between sender and 

so receiver of light thereof, a linear change in the 
quantity of light received when the quantity of light 
emitted onto the organism is altered linearly; 
obtaining a coefficient of proportionality in the 
obtained linear change from known distances of 

55 sender and receiver of light of the one or plurality of 
sensors; and calculating the thickness of light 
absorbing material based on the obtained coeffi- 
cient of proportionality. 
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5. A device for measuring thickness of a light absorb- 
ing material, comprising: 

one or a plurality of sensors having different 
distances between sender and receiver of light s 
thereof; 

light absorbency change measuring means for 
measuring, using the one or plurality of sen- 
sors, changes in light absorbency with respect 
to the thickness of light absorbing material; and io 
light absorbing material thickness calculating 
means for calculating the thickness of light 
absorbing material based on the rate of the 
change obtained in light absorbency. 

15 

6. A device for measuring thickness of adipose tissue 
of an organism, comprising: 

one or a plurality of sensors having different 
distances between sender and receiver of light 20 
thereof; 

light absorbency change measuring means for 
measuring, using the one or plurality of sen- 
sors, changes in light absorbency at the sur- 
face of the organism; and 25 
adipose tissue thickness calculating means for 
measuring the thickness of adipose tissue 
based on the rate of the change obtained in 
light absorbency. 

30 

7. A device for measuring thickness of intercalated tis- 
sue of an organism, comprising: 

one or a plurality of sensors having different 
distances between the sender and receiver of 35 
light thereof, 

quantity of received tight measuring means for 
measuring a linear change in the quantity of 
light received when the quantity of light emitted 
onto the organism is altered linearly; and 40 
intercalated tissue thickness calculating means 
for determining a coefficient of proportionality 
in the obtained linear change from known dis- 
tances of sender and receiver of light of the one 
or plurality of sensors, and calculating, based 45 
on the determined coefficient of proportionality, 
the thickness of intercalated tissue between 
the surface of the organism and organic tissue 
in which a light absorbing material as a test tar- 
get primarily exists. so 

8. The device for measuring the thickness according 
to one of claims 5 to 7, wherein said sensor 
includes an element for emitting light with a plurality 

of different wavelengths. ss 

9. The device for measuring the thickness according 
to one of claims 5 to 7, comprising a plurality of 



mounting portions each for detachably securing a 
light-emitting element or a light-receiving element 
of said sensor, wherein 

a probe is provided with different distances 
between the sender and receiver of light altered by 
means of the plurality of mounting portions. 

10. A method of measuring concentration of a light 
absorbing material within organic tissue, compris- 
ing the steps of: 

measuring, by one or a plurality of sensors hav- 
ing different distances between sender and 
receiver of light thereof, the thickness of inter- 
calated tissue between the surface of the 
organism and organic tissue in which the light 
absorbing material as a test target primarily 
exists; 

examining changes in measurement sensitivity 
with respect to the thickness of intercalated tis- 
sue at respective distances between the 
sender and receiver of light; 
determining, based on the change in measure- 
ment sensitivity, a relation between the thick- 
ness of intercalated tissue and a coefficient of 
correction for measurement sensitivity; and 
calculating, according to the relation, the coef- 
ficient of correction from known distances of 
the sender and receiver of light of said one or 
plurality of sensors and the thickness of inter- 
calated tissue at a site to be measured, and 
correcting a measured value so as not to be 
influenced by the intercalated tissue. 

11. The method of measuring the concentration of the 
light absorbing material within the organic tissue 
according to claim 10, wherein the quantity of light 
to be received with respect to the thickness of inter- 
calated tissue is determined in advance and the 
quantity of light to be emitted at that time is also set, 
and the thickness of said intercalated tissue is cal- 
culated based on the quantity of light received 
when the set quantity of light is emitted onto the 
organism in actual measurement. 

12. A device for measuring concentration of a light 
absorbing material within organic tissue, compris- 
ing: 

one or a plurality of sensors having different 
distances between sender and receiver of light 
thereof; 

intercalated tissue thickness measuring means 
for measuring, by the one or plurality of sen- 
sors, the thickness of intercalated tissue 
between the surface of the organism and the 
organic tissue in which the light absorbing 
material as a test target primarily exists; 
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measurement sensitivity calculating means for 
determining changes in the measurement sen- 
sitivity with respect to the thickness of interca- 
lated tissue at respective distances between 
the sender and receiver of light; 



5 



40mm. 



coefficient of correction measuring means for 
determining, based on the change in the meas- 
urement sensitivity, a relation between the 
thickness of intercalated tissue and a coeffi- 
cient of correction for measurement sensitivity; io 



measured value correcting means for calculat- 
ing, according to the relation, the coefficient of 
correction from known distances between the 
sender and receiver of light of said one or plu- is 
rality of sensors and the thickness of interca- 
lated tissue at the site of measurement, and 
correcting, based on the obtained coefficient of 
correction, a measured value so as not to be 
influenced by the intercalated tissue. 20 

13. The device for measuring the concentration of the 
light absorbing material within the organic tissue 
according to claim 12, wherein said intercalated tis- 
sue thickness measuring means determines the 25 
quantity of light to be received with respect to the 
thickness of intercalated tissue in advance and also 
sets the quantity of light to be emitted at that time, 
and performs the calculation based on the quantity 

of light received when the set quantity of light is 30 
emitted onto the organism in actual measurement. 

14. The device for measuring the concentration of the 
light absorbing material within the organic tissue 
according to claim 12 or 13, wherein each of said 35 
one or plurality of sensors has an element emitting 
near infrared rays with a plurality of different wave- 
lengths. 

15. The device for measuring the concentration of the 40 
light absorbing material within the organic tissue 
according to claim 12, wherein the distance 
between the sender and receiver of light of said one 

or plurality of sensors is set at 20mm, 30mm, or 
40mm. 45 

16. The device for measuring the concentration of the 
light absorbing material within the organic tissue 
according to claim 13, wherein the distance 
between the sender and receiver of light of said one so 
or plurality of sensors is set at 20mm, 30mm, or 
40mm. 

17. The device for measuring the concentration of the 
light absorbing material within the organic tissue 55 
according to claim 14, wherein the distance 
between the sender and receiver of light of said one 

or plurality of sensors is set at 20mm, 30mm, or 
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